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 &UNCTIONAL INTEGRITY OF THE CONTRACTILE ACTIN CORTEX IS
SAFEGUARDED BY MULTIPLE $IAPHANOUSRELATED FORMINS
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3UBMITTED TO 0ROCEEDINGS OF THE .ATIONAL !CADEMY OF 3CIENCES OF THE 5NITED 3TATES OF !MERICA
4HE CONTRACTILE ACTIN CORTEX IS A THIN LAYER OF lLAMENTOUS ACTIN
MYOSIN MOTORS AND REGULATORY PROTEINS BENEATH THE PLASMA MEM
BRANE CRUCIAL TO CYTOKINESIS MORPHOGENESIS AND CELL MIGRATION
(OWEVER THE FACTORS REGULATING ACTIN ASSEMBLY IN THIS COMPART
MENT ARE NOT WELL UNDERSTOOD 5SING THE $ICTYOSTELIUM MODEL
SYSTEMWE SHOW THAT THE THREE$IAPHANOUSRELATED FORMINS $2&S	
&OR! &OR% AND &OR( ARE REGULATED BY THE 2HO!LIKE '40ASE 2AC%
AND SYNERGIZE IN THE ASSEMBLY OF lLAMENTS IN THE ACTIN CORTEX
3INGLE OR DOUBLE FORMINNULL MUTANTS DISPLAYED ONLY MODERATE
DEFECTS IN CORTEX FUNCTION WHEREAS THE CONCURRENT ELIMINATION OF
ALL THREE FORMINS OR OF 2AC% CAUSED MASSIVE DEFECTS IN CORTICAL
RIGIDITY AND ARCHITECTURE AS ASSESSED BY ASPIRATION ASSAYS AND ELEC
TRON MICROSCOPY #ONSISTENTLY THE TRIPLE FORMIN AND2AC%MUTANTS
ENCOMPASSED LARGE PERIPHERAL PATCHES DEVOID OF CORTICAL &ACTIN
AND EXHIBITED SEVERE DEFECTS IN CYTOKINESIS AND MULTICELLULAR DE
VELOPMENT 5NEXPECTEDLY MANY FOR!(% AND RAC%MUTANTS
PROTRUDED EFlCIENTLY FORMED MULTIPLE EXAGGERATED FRONTS AND
MIGRATED WITH MORPHOLOGIES REMINISCENT OF RAPIDLYMOVING lSH
KERATOCYTES )N $CONlNEMENT HOWEVER THESE MUTANTS FAILED TO
PROPERLY POLARIZE AND RECRUIT MYOSIN )) TO THE CELL REAR ESSENTIAL
FOR MIGRATION #ELLS ARRESTED IN THESE CONDITIONS DISPLAYED DRA
MATICALLY AMPLIlED mOW OF CORTICAL ACTIN lLAMENTS AS REVEALED
BY 4)2&IMAGING AND ITERATIVE PARTICLE IMAGE VELOCIMETRY 0)6	
#ONSISTENTLY INDIVIDUAL AND COMBINED #2)302#ASMEDIATED DIS
RUPTION OF GENES ENCODING M$IA AND  FORMINS IN "& MOUSE
MELANOMA CELLS REVEALED ENHANCED FREQUENCY OF CELLS DISPLAYING
MULTIPLE FRONTS AGAIN ACCOMPANIED BY DEFECTS IN CELL POLARIZATION
AND MIGRATION 4HESE RESULTS SUGGEST EVOLUTIONARILY CONSERVED
FUNCTIONS FOR FORMINMEDIATED ACTIN ASSEMBLY IN ACTIN CORTEX ME
CHANICS
ACTIN CORTEX | FORMIN | 2HO'40ASE | CELL MIGRATION | CYTOKINESIS
)NTRODUCTION
5IF BDUJOSJDI DFMM DPSUFY JT SFRVJSFE GPS DFMM TIBQF SFNPEFMJOH
JO GVOEBNFOUBM DFMMVMBS QSPDFTTFT TVDI BT DZUPLJOFTJT NPSQIP
HFOFTJT BOE DFMM NJHSBUJPO 	
 $FMM NPUJMJUZ JT SFHVMBUFE CZ QP
MBSJ[BUJPO BEIFTJPO BOE DZUPTLFMFUBM BDUJWJUJFT MFBEJOH UP TJUF
TQFDJGJD GPSDF HFOFSBUJPO BT FYFNQMJGJFE CZ MFBEJOH FEHF BDUJO
BTTFNCMZ BOENZPTJOEFQFOEFOU SFBS DPOUSBDUJPO 	ದ
 #BTFE PO
DPOTJEFSBCMF WBSJBUJPOT PG UIFTF BDUJWJUJFT JO EJGGFSFOU DFMM UZQFT
UIJT QSPDFTT JT GVSUIFS TVCEJWJEFE JOUP NFTFODIZNBM BOE BNPF
CPJE UZQFT PG NJHSBUJPO BT UXP FYUSFNFT PG B XJEF TQFDUSVN 	

5IF TMPX NFTFODIZNBM UZQF PG NPUJMJUZ JT DIBSBDUFSJ[FE CZ TUSPOH
TVCTUSBUF BEIFTJPO BOE GPSNBUJPO PG QSPNJOFOU TUSFTT GJCFST BT
XFMM BT B QSPUSVEJOH MBNFMMJQPEJVN BU UIF GSPOU 	
 XIFSFBT
GBTU BNPFCPJE NJHSBUJPO BT FYFNQMJGJFE CZ %JDUZPTUFMJVN DFMMT JT
EFGJOFE CZ XFBLFS BOE NPSF USBOTJFOU BEIFTJPOT B SPVOEFS DFMM
TIBQF BDUJOSJDI QSPUSVTJPOT PS CMFCT JO UIF GSPOU BOE NZPTJO
ESJWFO DPOUSBDUJPO JO UIF SFBS 	 
 )PXFWFS NJHSBUJPO BOE
PUIFS QSPDFTTFT JOWPMWJOH DFMM TIBQF SFNPEFMJOH BT FH DZUPLJOFTJT
BMTP SFRVJSF B UIJO BDUJOSJDI DPSUFY CFMPX UIF NFNCSBOF
5IJT DPSUFY DPOUBJOT BDUJO NZPTJO BOE BTTPDJBUFE GBDUPST BT
TFNCMJOH JOUP B NVMUJDPNQPOFOU MBZFS 	 
 XIJDI JT JOUJNBUFMZ
MJOLFE UP UIF NFNCSBOF JO B 1*	
1EFQFOEFOU NBOOFS CZ UIF
F[SJO SBEJYJO BOE NPFTJO 	&3.
GBNJMZ PG QSPUFJOT JO BOJNBM
DFMMT 	 
 BOE DPSUFYJMMJO 	$UY
 JO %JDUZPTUFMJVN 	ದ
 5IF
GVODUJPO PG UIJT UIJO BDUJO NFTIXPSL JT DPNQBSBCMF UP DFMM XBMMT JO
QMBOUT ZFBTU BOE CBDUFSJB BT JU EFGJOFT UIF DFMMಬT TUJGGOFTT SFTJTUT
FYUFSOBM GPSDFT BOE DPVOUFSBDUT JOUSBDFMMVMBS IZESPTUBUJD QSFTTVSF
	 
 )PXFWFS BT PQQPTFE UP UIF TUBUJD DFMM XBMM PG QMBOUT
BOE CBDUFSJB UIF BDUJO DPSUFY PG BNPFCBF BOE BOJNBM DFMMT IBT
WJTDPFMBTUJD QSPQFSUJFT UIBU DBO CF SFNPEFMFE JO UIF UJNFTDBMF PG
TFDPOET 3BQJE 'BDUJO SFBSSBOHFNFOUT FOBCMF DFMMT UP QSPNQUMZ
NPEJGZ UIFJS TIBQFT GPS GBTU BEBQUBUJPO UP DIBOHFT JO FYUSBDFMMVMBS
FOWJSPONFOU 	 
 .PSFPWFS BOE BT PQQPTFE UP DFMMT XJUI SJHJE
DFMM XBMMT FODBHJOH UIFN FOUJSFMZ DFMM DPSUFY DPOTUJUVFOUT PGNPUJMF
FVLBSZPUJD DFMMT BSF PSHBOJ[FE JO HSBEJFOUT EVF UP UIF BTZNNFUSZ
PG QPTJUJPOJOH TJHOBMT 	

5IF QIZTJDBM QSPQFSUJFT PG UIF DFMM DPSUFY TVDI BT JUT UFOTJPO
BOE DPOUSBDUJMJUZ MJLFMZ JNQBDUJOH PO QMBTNB NFNCSBOF EZOBNJDT
BSF SFHVMBUFE CZ NZPTJO NPUPS BDUJWJUZ BT XFMM BT UIF BSSBOHF
NFOU BOE EFOTJUZ PG 'BDUJO OFUXPSLT HFOFSBUFE CZ EJTUJODU BDUJO
BTTFNCMZ NBDIJOFSJFT 	
 *O DFMMT BDUJO QPMZNFSJ[BUJPO JT NPTUMZ
JOJUJBUFE CZ "SQ DPNQMFY BOE GPSNJOT 	
 5IF "SQ DPN
QMFY DSFBUFT CSBODIFT BU UIF TJEFT PG QSFFYJTUJOH NPUIFS GJMBNFOUT
BOE HFOFSBUFT B EFOTF BDUJO NFTIXPSL BU UIF GSPOU PG NJHSBUJOH
DFMMT 	 
 'PSNJOT JOTUFBE OVDMFBUF BOE FMPOHBUF MPOH BOE MJO
FBS BDUJO GJMBNFOUT 	
 " NBKPS TVCHSPVQ PG UIF GPSNJO GBNJMZ JT
DPNQSJTFE CZ %JBQIBOPVTSFMBUFE GPSNJOT 	%3'T
 XIJDI BSF BV
UPJOIJCJUFE EVF UP JOUSBNPMFDVMBS JOUFSBDUJPOT PG UIF %JBQIBOPVT
3IGNIlCANCE
4HE ACTINRICH CELL CORTEX IS A VISCOELASTIC STRUCTURE PARTICIPAT
ING IN A VARIETY OF CELLULAR PROCESSES (OWEVER THE COMPLETE
INVENTORY OF ACTIN ASSEMBLY FACTORS DRIVING ITS FORMATION AND
KNOWLEDGE ABOUT THEIR SPECIlC CONTRIBUTIONS IS STILL INCOM
PLETE 7E SHOW HERE THAT FUNCTIONAL INTEGRITY OF THE CELL CORTEX
IN $ICTYOSTELIUM AND MAMMALIAN CELLS IS BACKED UP BY MUL
TIPLE $IAPHANOUSRELATED FORMINS THAT ARE REGULATED BY 2HO
SUBFAMILY '40ASES 4HESE $2&S CONTRIBUTE TO THE GENERATION
OF LONG ACTIN lLAMENTS OF THE CONTRACTILE ACTIN CORTEX AND
ARE REQUIRED FOR CELL MECHANICS /F NOTE THESE FACTORS ARE
EXCLUDED FROM !RP COMPLEXNUCLEATED NETWORKS IMPLYING
DIVERSIlCATION OF THE CORTEX INTO FUNCTIONAL SUBCOMPARTMENTS
TO SEGREGATE CORTICAL ACTOMYOSIN CONTRACTION IN THE REAR OR
CLEAVAGE FURROW INGRESSION FROM ACTINBASED PROTRUSION IN THE
FRONT
2ESERVED FOR 0UBLICATION &OOTNOTES
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 &IG  &OR! IS REGULATED BY THE 2HO!HOMOLOGUE 2AC% !	 4HE .TERMINAL DOMAIN OF &OR! &OR!.	 CONTAINING THE '"$ INTERACTS SPECIlCALLY WITH THE ACTIVATED
FORMS OF 2AC! 2AC!6	 AND 2AC% 2AC%6	 IN THE 9( ASSAY 9EAST WAS TRANSFORMED WITH THE INDICATED CONSTRUCTS AND SELECTED FOR THE PRESENCE OF PREY
AND BAIT PLASMIDS BY GROWTH ON DOUBLEDROPOUT $$	 MEDIA LACKING LEUCINE AND TRYPTOPHAN )NTERACTIONS WERE ASSAYED BY GROWTH ON STRINGENT TRIPLEDROPOUT
4$	 MEDIA ADDITIONALLY LACKING HISTIDINE IN THE PRESENCE OF  M- !4 AND ON QUADRUPLEDROPOUT 1$	 MEDIA ADDITIONAL LACKING HISTIDINE AND ADENINE !$
'ALACTIVATION DOMAIN !4 AMINOTRIAZOLE "	 'ENETIC ELIMINATION OF 2AC! AND 2AC% WAS CONlRMED BY IMMUNOBLOTTING 0ORIN WAS USED AS A LOADING
CONTROL #	 #ONSTITUTIVELY ACTIVE &OR! FUSED TO '&0 REQUIRES 2AC% FOR TARGETING TO THE CELL CORTEX BUT LOCALIZES APPROPRIATELY IN THE ABSENCE OF 2AC! 3CALE BARS
 wM $	 &OR! CONSTRUCTS USED FOR BIOCHEMICAL ANALYSES '"$ '40ASEBINDING DOMAIN $)$ DIAPHANOUS INHIBITORY DOMAIN $$ DIMERIZATION DOMAIN &(
FORMIN HOMOLOGY DOMAIN $!$ DIAPHANOUS AUTOINHIBITORY DOMAIN !CTIVE 2AC% INTERACTS DIRECTLY WITH &OR!. AND WAS ABLE TO PARTIALLY RELEASE &OR!. FROM
THE AUTOINHIBITED &OR!.&OR!# COMPLEX '34PULLDOWN EXPERIMENTS WITH '-00.0LOADED 2AC% ARE SHOWN 0	 PELLET 3	 SUPERNATANT 4HE NUMBERS BELOW
INDICATE THE RELATIVE AMOUNTS OF &OR!. IN 0 AND 3 FRACTIONS %	 !CTIVE 2AC% RELEASES AUTOINHIBITION OF THE CATALYTICALLY INACTIVE &OR!.&OR!# COMPLEX TO
PROMOTE ACTIN ASSEMBLY IN PYRENE ASSAYS IN A CONCENTRATIONDEPENDENT MANNER &	 !CTIVE 2AC% .TERMINALLY FUSED TO 9&0 ACCUMULATES ABOUT FOLD IN THE CELL
CORTEX OF THE CLEAVAGE FURROW IN $CONlNEMENT UNDER AGAR !BBREVIATIONS CF CLEAVAGE FURROW P POLE 3CALE BAR  wM '	 )MAGES FROM LIMELAPSE MOVIES
CORRESPOND TO -OVIE 3 AND SHOW THAT ACTIVE 2AC% IS ENRICHED IN THE REAR CELL CORTEX OF A POLARIZED CELL MIGRATING UNDER AGAR 3CALE BAR  wM
JOIJCJUPSZ EPNBJO 	%*%
XJUI UIF%JBQIBOPVT BVUPSFHVMBUPSZ EP
NBJO 	%"%
 	
 %3' BVUPJOIJCJUJPO JT DPNNPOMZ SFMFBTFE CZ
CJOEJOH PG BDUJWBUFE 3IPGBNJMZ (51BTFT 	 
 CVU DBO BMTP CF
ESJWFO CZ 3BT 	
 "T ZFU CPUI "SQ DPNQMFY BOE GPSNJOT IBWF
CFFO JNQMJDBUFE JO UIF HFOFSBUJPO PG DPSUJDBM BDUJO JO EJGGFSFOU
DFMM UZQFT 	 
 )PXFWFS UIF QSFDJTF RVBOUJUBUJWF DPOUSJCV
UJPOT PG "SQ DPNQMFY BOE GPSNJO HFOFSBUFE GJMBNFOUT UP UIJT
TUSVDUVSF BOE UIFJS JOUFSQMBZ JO DPSUJDBM GVODUJPOT BSF TUJMM FMVTJWF
%FQMFUJPO PG UIF GPSNJO N%JB 	%JBQI
 JO )F-B DFMMT MFE UP
GBJMVSF PG DPSUFY GVODUJPO JO NJUPUJD DFMM EJWJTJPO XIJMF EFQMFUJPO
PG "SQ DPNQMFY BMPOF EJE OPU 	
 *OUFSFTUJOHMZ UIF TBNF
TUVEZ SFQPSUFE "SQ DPNQMFY JOIJCJUJPO UP QPUFOUJBUF FGGFDUT PG
N%JB EFQMFUJPO TVHHFTUJOH TZOFSHJTUJD BDUJWJUJFT PG N%JB BOE
"SQ DPNQMFY JO UIF OVDMFBUJPO PG DPSUJDBM BDUJO 	
 "'.
NFBTVSFNFOUT JOEJDBUFE UIBU DPSUJDBM FMBTUJDJUZ JO )F-B BOE .
NFMBOPNB DFMMT JT NPTUMZ BGGFDUFE CZ UIF GPSNJO JOIJCJUPS 4NJ')
	
 *O DPOUSBTU SFEVDJOH "SQ DPNQMFY BDUJWJUZ CZ $,
EJE OPU BQQFBS UP QMBZ B DSJUJDBM SPMF 	
 5IFTF EBUB TVHHFTUFE
DFOUSBM SPMFT GPS GPSNJOT JO DFMM DPSUFY NFDIBOJDT CVU OFFE UP
CF DPNQMFNFOUFE CZ HFOFUJDT MBTU OPU MFBTU UP JEFOUJGZ TQFDJGJD
DPOUSJCVUJOH GPSNJOT
1SFWJPVTMZ XF FTUBCMJTIFE UIBU UIF N%JBSFMBUFE GPSNJO
'PS" JO %JDUZPTUFMJVN DFMMT QSFWFOUT CMFCCJOH JO UIF SFBS UP BTTJTU
QSPUSVTJPO BU UIF GSPOU JO QBSUJDVMBS VOEFSNFDIBOJDBM TUSFTT 	

)FSF XF JEFOUJGZ BOE DIBSBDUFSJ[F UXP BEEJUJPOBM N%JBSFMBUFE
DPSUJDBM %JDUZPTUFMJVN GPSNJOT 'PS& BOE 'PS) XIJDI TZOFSHJ[F
XJUI 'PS" UP TBGFHVBSE DPSUFYEFQFOEFOU GVODUJPOT .PSFPWFS
XF FYUFOE PVS TUVEJFT UP NBNNBMJBO GPSNJOT N%JB BOE 
QSPWJEJOH DPODMVTJWF FWJEFODF UIBU DPNQBSBCMF QBUIXBZT PQFSBUF
JO IJHIFS FVLBSZPUFT
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 &IG  !CTIVE 2AC% INTERACTS WITH TWO ADDITIONAL CORTICAL FORMINS !"	 &OR%
. AND &OR(. INTERACT SPECIlCALLY WITH THE ACTIVE FORM OF 2AC% 6	 IN THE
9( ASSAY 9EAST WAS TRANSFORMED WITH THE INDICATED CONSTRUCTS AND SELECTED
FOR THE PRESENCE OF PREY AND BAIT PLASMIDS BY GROWTH ON DOUBLEDROPOUT $$	
MEDIA LACKING LEUCINE AND TRYPTOPHAN &OR%. ADDITIONALLY SHOWED STRONG
INTERACTION WITH ACTIVE 2AC& 6	 )NTERACTIONS WERE SCORED BY GROWTH
ON STRINGENT TRIPLEDROPOUT 4$	 MEDIA IN THE PRESENCE OF  M- !4 OR
QUADRUPLEDROPOUT 1$	 MEDIA AS OUTLINED IN &IG  "OTH FORMINS SHOWED
NO GENETIC INTERACTION USING THE DOMINANTNEGATIVE 2AC% .	 VARIANT OR
EMPTY !$ PLASMIDS AS NEGATIVE CONTROLS !$ 'ALACTIVATION DOMAIN !4
AMINOTRIAZOLE "$ 'ALBINDING DOMAIN #$	 #ONSTITUTIVELY ACTIVE
&OR& AND &OR% LOCALIZE IN THE CELL CORTEX AND REAR OF MIGRATING 74 CELLS 9&0
TAGGED VARIANTS OF THE FORMINS WERE EXPRESSED IN 74 AND RAC% CELLS AND
ANALYZED BY WIDElELD mUORESCENCE MICROSCOPY AT THE CONDITIONS INDICATED
3CALE BARS  wM
&IG  %LIMINATION OF ALL THREE CORTICAL FORMINS IS DETRIMENTAL FOR CELL DIVISION
AND DEVELOPMENT !	 )NACTIVATION OF THE FOR! FOR% AND FOR( GENES IN THE
TRIPLE KNOCKOUTMUTANT WAS VERIlED BY IMMUNOBLOTTING USING SPECIlC FORMIN
SERA 0ORIN WAS USED AS A LOADING CONTROL "	 74 AND THE MUTANT CELLS
INDICATEDWERE GROWN FOR  H IN SHAKEN SUSPENSION AT  RPM SUBSEQUENTLY
SEEDED ON GLASS COVER SLIPS lXED AND STAINED WITH $!0) TO VISUALIZE THE
NUCLEI 3CALE BAR  wM #	 1UANTIlCATION OF NUCLEI IN CELLS AS SHOWN IN "	
N NUMBER OF ANALYZED CELLS $	 #OINCIDENT ELIMINATION OF &OR! &OR% AND
&OR( BLOCKS DEVELOPMENT 74 OR FORMINDElCIENT CELLS WERE TRANSFERRED WITH
A TOOTH PICK ONTO A LAWN OF + AEROGENES ON NONNUTRIENT AGAR PLATES AND
MONITORED AFTER  H OF DEVELOPMENT 3CALE BAR  MM
2ESULTS
"DUJWF 'PS" BDDVNVMBUFT JO UIF DMFBWBHF GVSSPX PG EJWJEJOH DFMMT
$POTJTUFOU XJUI UIF NFDIBOJTUJD TJNJMBSJUJFT CFUXFFO NJHSBUJPO
BOE DZUPLJOFTJT NBOZ QSPUFJOT BDDVNVMBUJOH JO UIF USBJMJOH FEHF
BT GPS JOTUBODF NZPTJO ** DPSUFYJMMJO 	$UY
 UIF GVODUJPOBM IPNP
MPHVF PG &3. QSPUFJOT JO %JDUZPTUFMJVN BOE *2("1T XFSF BMTP
GPVOE JO DMFBWBHF GVSSPXT BOE BSF LOPXO UP SFHVMBUF DZUPLJOFTJT
	ದ
 5IVT XF FYQMPSFE UIF MPDBMJ[BUJPO PG BDUJWF 'PS" BU EJG
GFSFOU TUBHFT PG UIF DFMM DZDMF "DUJWF 'PS" JT VOJGPSNMZ MPDBMJ[FE
JO UIF DFMM DPSUFY PG VOQPMBSJ[FE JOUFSQIBTF DFMMT 	
 *O NJUPUJD
DFMMT BDUJWF 'PS" SFNBJOFE FWFOMZ EJTUSJCVUFE JO UIF DFMM DPSUFY
VQ UP FBSMZ BOBQIBTF CVU TVCTFRVFOUMZ CFHBO UP SFMPDBMJ[F UP
UIF DMFBWBHF GVSSPX MJLF *2("1 BOE $UY * 	4* "QQFOEJY 'JH
4 " BOE #
 TUSPOHMZ TVHHFTUJOH B DSJUJDBM GVODUJPO PG GPSNJO
HFOFSBUFE DPSUJDBM BDUJO JO DZUPLJOFTJT BT QSFWJPVTMZ TIPXO JO
B WBSJFUZ PG DFMM UZQFT 	
 )PXFWFS XIFO DVMUJWBUFE JO QFUSJ
EJTIFT BMMPXJOH BEIFTJPO PG DFMMT UP UIF TVCTUSBUVN PS FWFO XIFO
FYQPTFE UP IJHI TIFBS GPSDFT JO TIBLFO TVTQFOTJPO DVMUVSF GPS"
DFMMT FYIJCJUFE OFHMJHJCMF EFGFDUT JO DZUPLJOFTJT 	4* "QQFOEJY 'JH
4 $ BOE %
 0G OPUF XF IBWF QSFWJPVTMZ TIPXO UIBU FJUIFS
$UY * BOE ** PS *2("1 BOE *2("1 IBE UP CF FMJNJOBUFE
TJNVMUBOFPVTMZ UP DBVTF TUSPOH EFGFDUT JO DZUPLJOFTJT XIJMF TJOHMF
LOPDLPVU NVUBOUT FYIJCJUFE OP PS NJOPS EFGFDUT 	
 5IVT UIF
MBDL PG B DZUPLJOFTJT EFGFDU JO GPS" DFMMT TVHHFTUFE GVODUJPOBM
PWFSMBQT PG 'PS" XJUI POF PS NVMUJQMF PUIFS DPSUJDBM GPSNJOT UP
TBGFHVBSE UIJT DSJUJDBM DFMMVMBS GVODUJPO *O MJOF XJUI UIJT WJFX
DPSUJDBM 'BDUJO JT TUJMM QSFTFOU JO DPOUSBDUJMF SFHJPOT PG GPS" DFMMT
TVDI BT UIF USBJMJOH FEHF 	

'PS" JOUFSBDUT XJUI BDUJWF GPSN PG UIF3IP" IPNPMPHVF3BD&
%3'T TVDI BT 'PS" BSF DPNNPOMZ BTTVNFE UP CF BDUJWBUFE CZ
(51CPVOE 3IPGBNJMZ (51BTFT %JDUZPTUFMJVN DFMMT MBDL DBOPO
JDBM $ED BOE 3IP IPNPMPHVFT CVU FYQSFTT  3BD QSPUFJOT
TPNF PG XIJDI FYFSU DIBSBDUFSJTUJDT PG $ED BOE 3IP" GVOD
UJPOT 4JODF BQQSPQSJBUF 'PS" UBSHFUJOH BOE BDUJWBUJPO SFRVJSFT
DPODVSSFOU JOUFSBDUJPOT XJUI 1*	
1 BOE BO BDUJWF(51BTF 	

XF FNQMPZFE ZFBTUUXPIZCSJE 	:)
 BOBMZTFT UP TZTUFNBUJDBMMZ
TDSFFO BMM  %JDUZPTUFMJVN 3BDT GPS JOUFSBDUJPO XJUI UIF /
UFSNJOBM EPNBJO PG 'PS" FODPNQBTTJOH UIF (#% 6OEFS UIF
NPTU TUSJOHFOU HSPXUI DPOEJUJPOT PO TFMFDUJWF NFEJB 'PS" HF
OFUJDBMMZ JOUFSBDUFE XJUI DPOTUJUVUJWFMZ BDUJWF 3BD" BOE 3BD&
XIJMF JU GBJMFE UP JOUFSBDU XJUI EPNJOBOUOFHBUJWF WBSJBOUT PG UIFTF
(51BTFT 	'JH "
 3BD" IBT OPU ZFU CFFO DIBSBDUFSJ[FE CVU
DPOUBJOT B #5# EPNBJO BU JUT $UFSNJOVT BOE MBDLT B DMBTTJDBM
$""9NPUJWF SFRVJSFE GPS QSFOZMBUJPO 	
 $POTJTUFOUMZ FDUPQJ
DBMMZ FYQSFTTFE 3BD" GVTFE UP ('1 MPDBMJ[FE VCJRVJUPVTMZ JO UIF
DZUPQMBTN BOE XBT OPU FOSJDIFE BU UIF DFMM DPSUFY 	'JH 4
 5IVT
JU BQQFBSFE VOMJLFMZ UIBU JU SFHVMBUFT SFDSVJUNFOU BOE BDUJWBUJPO PG
'PS" BU UIF DPSUFY 3BD& JOTUFBEXBT QSFWJPVTMZ JNQMJDBUFE JO SFH
VMBUJPO PG DPSUJDBM UFOTJPO BOE DMFBWBHF GVSSPX QSPHSFTTJPO 	

4JODF :) BOBMZTFT DBO PDDBTJPOBMMZ HFOFSBUF BNCJHVPVT SFTVMUT
XF TPVHIU UP DPSSPCPSBUF UIFTF GJOEJOHT JO BO JOEFQFOEFOU BTTBZ
5P UIJT FOE XF HFOFSBUFE HFOFUJD LOPDLPVU DFMM MJOFT EFWPJE PG
3BD" BOE3BD& JO UIF"9XJME UZQF 	85
 TUSBJO 	'JH #
 5IFO
XF NPOJUPSFE MPDBMJ[BUJPO PG DPOTUJUVUJWFMZ BDUJWF 'PS" GVTFE UP
('1 JO UIFTF LOPDLPVUT "T TIPXO JO 'JH $ 'PS" XBT OPSNBMMZ
UBSHFUFE UP UIF DFMM DPSUFY JO SBD" DFMMT CVU GBJMFE UP MPDBMJ[F
UP UIF DPSUFY JO SBD& DFMMT TUSPOHMZ TVHHFTUJOH B QIZTJPMPHJDBMMZ
JOUFSBDUJPO CFUXFFO 'PS" BOE 3BD& $POTJTUFOUMZ UIF QVSJGJFE
/UFSNJOVT PG 'PS" BMTP QIZTJDBMMZ JOUFSBDUFE XJUI (.11/1
MPBEFE 3BD& JO QVMMEPXO FYQFSJNFOUT 	'JH %
 *O BEEJUJPO
DPOTUJUVUJWFMZ BDUJWF 3BD& XBT DBQBCMF UP SFMFBTF BVUPJOIJCJUJPO
PG BO JOBDUJWF GPSNJO TBOEXJDI DPNQMFY GPSNFE CZ / BOE $
UFSNJOBM GSBHNFOUT PG 'PS" JO CPUI QVMMEPXOT BOE QZSFOF BTTBZT
	'JH  % BOE &
 'JOBMMZ XF NPOJUPSFE MPDBMJ[BUJPO PG BDUJWF
3BD& GVTFE UP :'1 JO DFMMT JO %DPOGJOFNFOU JF VOEFS B UIJO
TIFFU PG BHBS 6OMJLF QSFWJPVT XPSL UIBU GBJMFE UP EFUFDU BDUJWF
3BD& JO UIF DMFBWBHF GVSSPX PG VODPOGJOFE DFMMT 	
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 &IG  %LIMINATION OF THE THREE CORTICAL FORMINS OR OF
2AC% INCREASINGLY IMPAIRS CORTICAL RIGIDITY AND DISRUPTS
THE CONTRACTILE ACTIN CORTEX !	 0ROJECTION LENGTH ,P	
OF 74 AND THE MUTANT CELLS INDICATED WAS DETERMINED
BY MICROPIPETTE ASPIRATION USING A CONSTANT SUCTION
PRESSURE OF  0A FROM TIMELAPSE MOVIES AND CORRE
SPOND TO -OVIE 3 3CALE BAR  wM "	 1UANTITATIVE
ANALYSIS OF THE PROJECTION LENGTHS OF PROBED CELLS N
NUMBER OF ANALYZED CELLS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7HITNEY RANK SUM TEST 3TATISTICAL DIFFERENCES REFER
TO 74 #	 $EFECTS OF THE ACTIN CORTEX IN FOR!%(
AND RAC% MUTANTS &IXED 74 AND MUTANT CELLS WERE
STAINED WITH A MONOCLONAL #TX ANTIBODY GREEN	 TO
VISUALIZE 0)	0CONTAINING MEMBRANES AND &ACTIN
WITH PHALLOIDIN RED	 4HE WHITE ARROW HEADS INDI
CATE REGIONS OF LOW CORTICAL DENSITY IN THE MUTANTS
3CALE BAR  wM $	 1UANTIlCATION OF CORTICAL AND
INTRACELLULAR ACTIN IN 74 AND MUTANT CELLS !VERAGE
INTENSITY PROlLES ALONG  PIXEL WIDE LINES AS SHOWN IN
#	 BY THE WHITE DASHED LINES N NUMBER OF ANALYZED
CELLS ERROR BARS STANDARD DEVIATIONS SD	 %	 0ROMI
NENT CORTICAL &ACTIN ASSEMBLIES OUTSIDE THE BREACHES
IN FOR!%( AND RAC% CELLS ARE IDENTIlED AS PRO
TRUSIONS THROUGH CONTAINING CORONIN GREEN	 PARTICU
LARLY MARKING !RP COMPLEXDRIVEN ACTIN NETWORKS
AND PHALLOIDINSTAINED &ACTIN RED	 3CALE BAR  wM
&	 2EPRESENTATIVE 3%- MICROGRAPHS OF DETERGENT
EXTRACTED 74 AND MUTANT CELLS LOW MAGNIlCATION
AND HIGH MAGNIlCATION OF INSETS SHOWN AT TOP AND
BOTTOM RESPECTIVELY	 3CALE BARS  wM OVERVIEW	 AND
 wM INSETS	
(51BTF BDDVNVMBUFE BCPVU UXPGPME JO UIF DMFBWBHF GVSSPX BT
DPNQBSFE UP QPMF SFHJPOT VQPO %DPOGJOFNFOU 	'JH '
 .PSF
PWFS MJLF BDUJWF 'PS" UIF (51BTF XBT BMTP NBSLFEMZ FOSJDIFE
JO UIF SFBS DPSUFY PG NJHSBUJOH DFMMT 	'JH ( BOE 	4* "QQFOEJY
.PWJF 4
 TVCTUBOUJBUJOH UIF WJFX UIBU 'PS" JT SFHVMBUFE CZ
3BD&
"DUJWF 3BD& BEEJUJPOBMMZ JOUFSBDUT XJUI DPSUJDBM GPSNJOT 'PS&
BOE 'PS) #BTFE PO UIF DSJUJDBM FGGFDU PG 3BD& EFGJDJFODZ PO
DZUPLJOFTJT DPOUSBDUJMJUZ BOE UIF SFHVMBUJPO PG 'PS"  BOE UIF
GBDU UIBU 'PS& DPOTUJUVUFT UIF POMZ LOPXO 3IPGBNJMZ (51BTF JO
%JDUZPTUFMJVN XJUI 3IP"MJLF GVODUJPOT XF SFBTPOFE UIBU BEEJ
UJPOBM GPSNJOT NBZ JOUFSBDU XJUI UIF BDUJWF (51BTF BOE MPDBMJ[F
UP UIF DFMM DPSUFY UP TBGFHVBSE DPSUFY GVODUJPOT 5IVT GSPN UIF 
GPSNJOT FYQSFTTFE JO%JDUZPTUFMJVN DFMMT 	
 XF TDSFFOFE BMM GPVS
QPUFOUJBM DBOEJEBUFT FYQSFTTFE BU UIF WFHFUBUJWF TUBHF SFGFSSFE
UP BT 'PS# 'PS& 	E%JB
 'PS) 	E%JB
 BOE 'PS' 	E%JB
 XJUI
3IP (51BTFT JO UIF :) BTTBZ 'PS* DPVME CF FYDMVEFE GSPN
UIF TDSFFO CFDBVTF PG MBDLJOH UIF SFHVMBUPSZ (#% BOE 'PS( XBT
PNJUUFE EVF UP JUT TQFDJGJD JOUFSBDUJPO XJUI BDUJWF3BT 	
 4USPOH
BOE TQFDJGJD JOUFSBDUJPOT XJUI BDUJWF 3BD& XFSF JEFOUJGJFE GPS UXP
PG UIF GPVS UFTUFE GPSNJOT 'PS& JOUFSBDUFE XJUI BDUJWF WBSJBOUT
PG 3BD& BOE 3BD' 	'JH "
 )PXFWFS TJODF 3BD' BQQFBST
UP DBSSZ PVU TQFDJGJD GVODUJPOT JO NBDSPDZTU GPSNBUJPO EVSJOH UIF
TFYVBM DZDMF 	
 XF EJE OPU GPMMPX UIBU MFBE6OFYQFDUFEMZ BDUJWF
3BD& BMTP JOUFSBDUFE XJUI 'PS) 	'JH #
 QSFWJPVTMZ TIPXO UP
PQFSBUF JO GJMPQPEJB GPSNBUJPO 	

/FYU XF FYBNJOFE UIF TVCDFMMVMBS MPDBMJ[BUJPO PG DPOTUJUV
UJWFMZ BDUJWF 'PS& BOE 'PS) WBSJBOUT MBDLJOH UIF%"% SFHJPOT BOE
GVTFE UP:'1 JO GSFFMZNPWJOH PS %DPOGJOFE85 BOE SBD& DFMMT
$POTJTUFOU XJUI QSFWJPVT XPSL 	
 FDUPQJD FYQSFTTJPO PG BDUJWF
'PS) JO 85 DFMMT USJHHFSFE UIF GPSNBUJPO PG OVNFSPVT GJMPQPEJB
XJUI UIF BDUJWF GPSNJO CFJOH NBSLFEMZ FOSJDIFE BU UIF DFMM DPSUFY
BOE GJMPQPEJBM UJQT 	'JH $ BOE 	4* "QQFOEJY 'JH 4

 *O %
DPOGJOFNFOU GJMPQPEJB GPSNBUJPO XBT TUSPOHMZ TVQQSFTTFE BOE
BDUJWF 'PS) BDDVNVMBUFE JO UIF SFBS DPSUFY PG NJHSBUJOH DFMMT
SFTFNCMJOH MPDBMJ[BUJPO PG BDUJWF 'PS" VOEFS UIF TBNF DPOEJUJPOT
	
 5P PVS TVSQSJTF BOE BT PQQPTFE UP UIF FOUJSFMZ EJGGVTF
MPDBMJ[BUJPO PG BDUJWF 'PS" JO SBD& DFMMT DPOTUJUVUJWFMZ BDUJWF
'PS) XBT TUJMM BCMF UP USJHHFS GJMPQPEJB GPSNBUJPO BOE BDDVNVMBUF
JO UIF DFMM DPSUFY PG GSFFMZ NPWJOH SBD& NVUBOU DFMMT *O %
DPOGJOFNFOU IPXFWFS UIF GPSNJO CFDBNF MBSHFMZ DZUPTPMJD BOE
GBJMFE UP CF JODPSQPSBUFE JOUP UIF SFBS
"DUJWF 'PS& BMTP NBSLFEMZ MPDBMJ[FE UP UIF DPSUFY PG VODPO
GJOFE 85 DFMMT BOE UP EJTUBM UJQT PG GJMPQPEJB 	'JH % BOE 'JH
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 &IG  &OR!%( AND RAC% MUTANTS CANNOT MIGRATE IN $CONlNEMENT !
AND #	 "OX PLOTS SUMMARIZING THE RANDOMMIGRATION SPEED OF74 &OR!%(
AND RAC% CELLS IN !	 UNCONlNED AND #	 $CONlNEND CONDITIONS !T LEAST
THREE MOVIES FROM THREE INDEPENDENT EXPERIMENTS WERE ANALYZED FOR EACH
CELL TYPE N NUMBER OF CELLS ANALYZED NS NONSIGNIlCANT 
 P 



P BY -ANN7HITNEY RANK SUM TEST " AND $	 2ADAR PLOTS SHOWING
THE TRAJECTORIES OF  RANDOMLY MIGRATING 74 &OR!%( AND RAC% CELLS
IN UNCONlNED AND $CONlNEND CONDITIONS AS INDICATED .OTE THE HIGH
DIRECTIONAL PERSISTENCE OF THE MUTANT CELLS IN UNCONlNED SETTINGS 3CALE BARS
 wM FOR "	 AND  wM FOR $	 % AND &	 !NALYSIS OF THE MEAN SQUARE
DISPLACEMENT OF 74 &OR!%( AND RAC% CELLS MIGRATING IN UNCONlNED AND
$CONlNED CONDITIONS AS INDICATED %RROR BARS REPRESENT SEM N AS IN !	
AND #	
4
 *O UIF SBD& NVUBOU IPXFWFS UIF GPSNJO XBT OPU UBSHFUFE
UP UIF DPSUFY BOE SFNBJOFE EJGGVTF JO UIF DZUPQMBTN VOEFS CPUI
FYQFSJNFOUBM TFUUJOHT JNQMZJOH B SFRVJSFNFOU GPS 3BD& TJHOBMJOH
UP NFEJBUF BQQSPQSJBUF TVCDFMMVMBS UBSHFUJOH $POTJTUFOUMZ BOE BT
QSFWJPVTMZ TIPXO GPS 3BD& 	
 BDUJWF 'PS" 'PS) BOE 'PS&
MPDBMJ[FE JO GPMBUF HSBEJFOUT BGUFS USFBUNFOU XJUI MBUSVODVMJO #
TQFDJGJDBMMZ PO UIBU QPSUJPO PG UIF QMBTNB NFNCSBOF GBDJOH MPXFS
DIFNPBUUSBDUBOU DPODFOUSBUJPOT 	4* "QQFOEJY 'JH 4
 5IVT
%JDUZPTUFMJVN DFMMT FYQSFTT UISFF 3BD&SFHVMBUFE GPSNJOT UIBU
BDDVNVMBUF JO DFMM DPSUFY BOE SFBS PG DFMMT NJHSBUJOH JO %
DPOGJOFNFOU
&MJNJOBUJPO PG UIF UISFF DPSUJDBM GPSNJOT DBVTFT ESBTUJD
DZUPLJOFTJT BOE EFWFMPQNFOUBM EFGFDUT 5P VODPWFS B QPUFOUJBM
GVODUJPOBM SFEVOEBODZ PG UIFTF UISFF 3BD&SFHVMBUFE DPSUJDBM
GPSNJOT XF FMJNJOBUFE UIFN BMM FJUIFS BMPOF PS JO DPNCJOBUJPO
CZ HFOF EJTSVQUJPO UP PCUBJO B DPNQMFUF DPMMFDUJPO PG TJOHMF BOE
EPVCMFNVUBOUT BT XFMM BT B DFMM MJOF MBDLJOH BMM UISFF GPSNJOT 	'JH
" BOE 	4* "QQFOEJY 'JH 4

 .VUBOU MJOFT EFWPJE PG FJUIFS
'PS" PS 'PS) IBWF QSFWJPVTMZ CFFO EFTDSJCFE 	 
 /FYU XF
BTLFE XIFUIFS PS UP XIJDI FYUFOU DZUPLJOFTJT JT JNQBJSFE BGUFS
DPOTFDVUJWF FMJNJOBUJPO PG UIFTF DPSUJDBM GPSNJOT 'PS UIBU XF
GJSTU BTTBZFE DZUPLJOFTJT PG UIF GPS"TJOHMF UIF GPS"&EPVCMF
BOE UIF GPS"&)USJQMFNVUBOU BU IJHI TUSJOHFODZ JO TIBLFO TVT
QFOTJPO BOE DPNQBSFE FGGFDUT PCUBJOFE XJUI 3BD& BOE NZPTJO
**OVMM NVUBOUT LOPXO UP FYIJCJU TUSPOH EFGFDUT JONJUPUJD DFMM EJWJ
TJPO VOEFS UIFTF DPOEJUJPOT 	 
 "GUFS GJYJOH UIF DFMMT UPHFUIFS
XJUI %"1* XF RVBOUJGJFE OVNCFS PG OVDMFJ QFS DFMM BT BO VOBN
CJHVPVT SFBEPVU GPS DZUPLJOFTJT EFGFDUT *O DFMMT IBSWFTUFE GSPN
TIBLFO TVTQFOTJPO BGUFS  I UIF WBTU NBKPSJUZ PG 85 DFMMT GPS"
TJOHMF BOE GPS"&EPVCMF NVUBOUT XBT NPOP PS CJOVDMFBUFE
BMUIPVHI B GFX GPS"&EPVCMF NVUBOU DFMMT BMTP EJTQMBZFE UISFF
&IG  &OR!%( AND RAC% MUTANTS FORM MULTIPLE AND FASTER PROTRUDING
FRONTS !	 'ALLERY WITH STILLS FROM A PHASECONTRAST TIMELAPSE SERIES OF RAN
DOMLY MIGRATING 74 AND MUTANT CELLS IN UNCONlNED SETTINGS CORRESPONDING
TO -OVIE 3 SHOWS THE RECURRING FORMATION OF MULTIPLE FRONTS WHITE ARROW
HEADS	 IN &OR!%( AND RAC% MUTANTS 4IME IS IN SECONDS 3CALE BAR  wM
"	 1UANTIlCATION OF THE AVERAGE NUMBER OF PROTRUDING FRONTS IN MIGRATING
74 AND MUTANT CELLS AS SHOWN IN !	 #	 1UANTIlCATION OF THE RATIO OF
PROTRUSION AREA OVER TOTAL CELL AREA IN 74 AND INDICATED MUTANT CELLS %RROR
BARS REPRESENT SEM NS NONSIGNIlCANT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 BY -ANN7HITNEY RANK
SUM TEST$	 !VERAGE PROTRUSION VELOCITIES OF FRONTS IN 74 AND MUTANT CELLS
"OXES INCLUDE  AND WHISKERS  OF ALL MEASUREMENTS DOTS REPRESENT
THE THTH PERCENTILE N NUMBER OF CELLS ANALYZED NS NONSIGNIlCANT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PS GPVS OVDMFJ 	'JH  # BOE $
 #Z DPOUSBTU UIF GPS"&)USJQMF
NVUBOU FYIJCJUFE B TFWFSF DZUPLJOFTJT EFGFDU BOE XBT WJSUVBMMZ
JOEJTUJOHVJTIBCMF GSPN SBD& BOENID"NVUBOUT TJODF BCPVU 
PG UIFTF NVUBOUT EFWFMPQFE IJHIMZ NVMUJOVDMFBUFE DFMMT 	'JH  #
BOE $
 5P FYDMVEF UIF QPTTJCJMJUZ UIBU B TQFDJGJD GPSNJO FYFDVUFT
B QSFEPNJOBOU GVODUJPO JO DZUPLJOFTJT XF BEEJUJPOBMMZ QFSGPSNFE
UIFTF DZUPLJOFTJT BTTBZT XJUI BMM UISFF DPNCJOBUJPOT PG EPVCMF
NVUBOU DFMMT "MUIPVHI NVUBOU DFMMT MJOFT MBDLJOH 'PS) IBE B
TUSPOHFS UFOEFODZ UP GPSN NVMUJOVDMFBUFE DFMMT BCPVU  PG
BMM UISFF GPSNJO EPVCMFOVMM NVUBOUT TUJMM DPOUBJOFE DFMMT XJUI
POMZ POF PS UXP OVDMFJ 	4* "QQFOEJY 'JH 4
 5IVT B TFWFSF
DZUPLJOFTJT EFGFDU XBT POMZ NBOJGFTUFE BGUFS JOBDUJWBUJPO PG BMM
UISFF DPSUJDBM GPSNJOT
*NQPSUBOUMZ NVMUJDFMMVMBS EFWFMPQNFOU BMTP EFQFOET PO DPO
USBDUJMJUZ BOE DPSUJDBM JOUFHSJUZ .ZPTJO ** NVUBOUT GPS JOTUBODF
DBOOPU BEWBODF CFZPOE UIF BHHSFHBUJPO TUBHF 	
 BOE EPVCMF
NVUBOUT EFWPJE PG $UY *$UY ** LOPXO UP UFUIFS DPSUJDBM BDUJO
GJMBNFOUT UP UIF NFNCSBOF FOUJSFMZ GBJM UP EFWFMPQ 	
 5IVT
XF BEEJUJPOBMMZ DPNQBSFENVMUJDFMMVMBS EFWFMPQNFOU PG85 DFMMT
GPS"TJOHMF GPS"&EPVCMF BOE UIF GPS"&)USJQMF NVUBOU
PO CBDUFSJBM MBXOT 4JNJMBS UP 85 TJOHMF BOE EPVCMF GPSNJO
NVUBOUT XFSF TUJMM BCMF UP BEWBODF UISPVHI EFWFMPQNFOU BOE
QSPEVDF WJBCMF TQPSFT BMUIPVHI GSVJUJOH CPEJFT PG UIF GPS"&
EPVCMF NVUBOU BMSFBEZ BQQFBSFE DPOTJEFSBCMZ TNBMMFS 	'JH %

/PUBCMZ UIF GPS"&)USJQMF NVUBOU XBT DPNQMFUFMZ CMPDLFE JO
EFWFMPQNFOU BOE OPU FWFO BCMF UP BHHSFHBUF 5IVT DPOTJTUFOU
XJUI UIFJS PWFSMBQQJOH GVODUJPOT JO DZUPLJOFTJT BMM UISFF GPSNJOT
IBWF UP CF FMJNJOBUFE TJNVMUBOFPVTMZ UP BCSPHBUF NPSQIPHFOFTJT
'PS" 'PS& BOE 'PS) TZOFSHJ[F JO UIF NBJOUFOBODF PG DPS
UJDBM JOUFHSJUZ 5P RVBOUJGZ UIF BTTVNFE TZOFSHJTUJD SPMF PG UIFTF
GPSNJOT JO DPSUJDBM JOUFHSJUZ JO UIF BCTFODF PG BEIFTJPO GPSDFT
BOE UP EJSFDUMZ DPNQBSF UIFJS DPOUSJCVUJPOT UP UIJT XJUI UIPTF
PG SBD& XF QFSGPSNFE NJDSPQJQFUUF BTQJSBUJPO BTTBZT 	.1"
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 &IG  &OR!%( AND RAC% MUTANTS CANNOT POLARIZE AND EXHIBIT A DRASTICALLY
INCREASED CORTICAL mOW IN $CONlNEMENT !	 4HE CHARACTERISTIC LOCALIZATION
OF '&0MYOSIN )) IN THE REAR CORTEX OF 74 CELLS IS ABOLISHED IN FOR!%( AND
RAC% MUTANT CELLS ILLUSTRATING A MAJOR DEFECT IN POLARIZATION 3TILL IMAGES
FROM TIMELAPSE MOVIES CORRESPOND TO -OVIE 3 3CALE BAR  wM "	
1UANTIlCATION OF THE WIDTH OF THE CORTICAL MYOSIN LAYER IN 74 AND MUTANT
CELLS DETERMINED BY ROTATIONAL ANALYSIS OF THE mUORESCENCE SIGNAL FROM CELLS
AS SHOWN IN !	 2ADAR PLOT SHOWS THE MEAN MYOSIN )) BAND THICKNESS OF THE
CELL LINES INDICATED 3CALE BAR  wM #	 3TILL IMAGES FROM 4)2& TIMELAPSE
MOVIES OF 74 AND MUTANT CELLS EXPRESSING THE &ACTIN PROBE '&0,IM%˂COIL
IN $CONlNED CONDITIONS UNDER AGAR 4IME IS IN SECONDS 3CALE BAR  wM
$	 0)6 ANALYSES OF CORTICAL ACTIN mOW IN74 ANDMUTANT CELLS &IVE CONSECUTIVE
FRAMES RECORDED AT  S INTERVALS CORRESPONDING TO -OVIE 3 WERE USED FOR
0)6 ANALYSIS 4HE RESULTING VECTORS MARK THE MEAN ACTIN VELOCITY PER FRAME
LEFT	 $ISTRIBUTION OF ACTIN mOW VELOCITIES OF THE CELL LINES INDICATED REVEAL A
STRIKINGLY INCREASED ACTIN mOW IN THE MUTANTS RIGHT	 %RROR BARS ARE SEM
PG SFTVTQFOEFE 85 BOE NVUBOU DFMMT UP NFBTVSF UIFJS HMPCBM
NFDIBOJDBM SFTJTUBODF 5P BWPJE TFDPOEBSZ SFTQPOTFT PG UIF IJHIMZ
EZOBNJD%JDUZPTUFMJVN DFMMT UP FYUFSOBM TVDUJPO QSFTTVSF XF RVBO
UJGJFE UIF JOJUJBM QSPKFDUJPO MFOHUI 	-Q
 PG DFMMT DBQUVSFE GSPN
TVTQFOTJPO BU B DPOTUBOU QSFTTVSF PG  1B JO .1" BTTBZT 4FSJBM
FMJNJOBUJPO PG UIF GPSNJOT DPSSFMBUFE XJUI JODSFBTJOH EFGFDUT PG
DPSUJDBM SJHJEJUZ BOE QFBLFE JO UIF GPS"&)USJQMF NVUBOU XJUI
BO BWFSBHF JOEFOUBUJPO MFOHUI PG  s  wN 	NFBOsTE
 BT
PQQPTFE UP  s  wN JO 85 DFMMT 	'JH  " BOE #
 *O DPOUSBTU
UP NBOZ85 DFMMT GPS"&) DFMMT XFSF VOBCMF UP XJUIESBX GSPN
UIF NJDSPQJQFUUF FWFO BU UIJT DPNQBSBCMZ MPX TVDUJPO QSFTTVSF
BOE BMM PG UIFN XFSF VMUJNBUFMZ TVDLFE JOUP UIF QJQFUUF XJUIJO
 NJO 	4* "QQFOEJY .PWJF 4
 3BD& DFMMT BMTP FYIJCJUFE
B NBKPS EFGFDU PG DPSUJDBM SJHJEJUZ XJUI BO -Q PG  s  wN
BMUIPVHI UIF EFGFDU XBT TMJHIUMZ XFBLFS BT DPNQBSFE UP UIF GPSNJO
USJQMFLOPDLPVU NVUBOU 6OFYQFDUFEMZ IPXFWFS BOE BMCFJU OPOF
PG UIF BOBMZ[FE DFMMT XBT BCMF UP DPNQMFUFMZ XJUIESBX GSPN UIF
QJQFUUF BMNPTU BMM DFMMT 	
 SFTJTUFE DPNQMFUF BTQJSBUJPO BU 
1BXJUIJO NJO 'JOBMMZ XF BMTPNFBTVSFE UIF DPSUJDBM QSPQFSUJFT
PG NVUBOU DFMMT MBDLJOH UIF "SQDPNQMFY BDUJWBUPS 4DBS BOE
UIF BDUJO GJMBNFOU FMPOHBUPS 7"41 $PSUFY SJHJEJUZ PG TDS" BOE
WBT1 DFMMT XBT BMTP DMFBSMZ JNQBJSFE BT DPNQBSFE UP DPOUSPM
)PXFWFS UIF DPOUSJCVUJPO PG 4DBS BOE PG 7"41 XBT NPEFSBUF
TJODF NFBTVSFE -Q WBMVFT XFSF POMZ JO UIF SBOHF PG UIF GPSNJO
TJOHMFLOPDLPVU NVUBOUT 5IVT JO %JDUZPTUFMJVN "SQ DPNQMFY
BOE 7"41 BQQFBS UP DPOUSJCVUF GBS MFTT UP NFDIBOJDBM SJHJEJUZ PG
UIF DPSUFY BT DPNQBSFE UP GPSNJOT
/FYU XF FYBNJOFE UIF EJTUSJCVUJPO PG DPSUJDBM 'BDUJO JO GJYFE
85 GPS"&) BOE SBD& DFMMT BGUFS QIBMMPJEJO TUBJOJOH "EEJ
UJPOBMMZ XF MBCFMMFE UIF TQFDJNFOT GPS 1*	
1CJOEJOH $UY UP
&IG  &ORMATION OF MULTIPLE FRONTS AND DEFECTS IN POLARIZATION AND
MIGRATION IN M$IA ANDOR DElCIENT "& CELLS !	 3UBCELLULAR LO
CALIZATION OF %'&0M$IA AND  VARIANTS IN "& CELLS MIGRATING ON
LAMININ 7HILE FULLLENGTH &,	 M$IA AND  WERE CYTOSOLIC AND LARGELY EX
CLUDED FROM PROTRUSIVE FRONTS CONSTITUTIVELY ACTIVE M$IA&,X!LA -!
AND &!	 M$IAႤ$!$ M$IA&,X!LA -! AND &!	 AND
M$IAႤ$!$ STRONGLY ACCUMULATED IN THE REAR CORTEX 3CALE BAR  wM "	
)MMUNOBLOTTING OF INDIVIDUAL AND COMBINED M$IA AND M$IA +/ CLONES AS
INDICATED '!0$( LOADING CONTROL .UMBERS BELOW RESPECTIVE LANES INDICATE
RELATIVE CHANGES OF M$IA AND  EXPRESSION LEVELS NORMALIZED TO '!0$( #	
0OLARIZATION DEFECTS AND FORMATION OF MULTIPLE FRONTS IN RESPECTIVE CELL TYPES
AS REVEALED BY PHALLOIDINSTAINING .OTE INCREASINGLY PRONOUNCED MULTIPLE
FRONT PHENOTYPES IN SINGLE VERSUS DOUBLE M$IA	 +/ CELLS 3CALE BAR 
wM $	 1UANTIlCATION OF PROTRUSIVE FRONTS ONE VERSUSMULTIPLE	 FROM IMAGES
AS SHOWN IN # %RROR BARS SEM FROM AT LEAST SIX INDEPENDENT EXPERIMENTS
N CELL NUMBER %	 1UANTIlCATION OF RANDOM MIGRATION OF RESPECTIVE CELL
TYPES ON LAMININ "OXES INCLUDE  AND WHISKERS  OF ALL MEASUREMENTS
DOTS REPRESENT THE THTH PERCENTILE NS NONSIGNIlCANT 

 P 



P BY -ANN7HITNEY RANK SUM TEST N NUMBER OF TRACKED CELLS
WJTVBMJ[F UIF MJQJE HSBEJFOU CFUXFFO GSPOU BOE SFBS JO QPMBSJ[FE
%JDUZPTUFMJVN DFMMT *O IJHIMZ QPMBSJ[FE 85 DFMMT UIF CVML PG '
BDUJO XBT DPODFOUSBUFE JO UIF MFBEJOH FEHF BOE DPOUBJOFE POMZ
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 TNBMM BNPVOUT PG $UY XIJMF UIF SFBS BOE MBUFSBM TJEFT FODPN
QBTTJOH UIF UIJO MBZFS PG DPSUJDBM BDUJO XFSF TUSPOHMZ FOSJDIFE
GPS $UY 	'JH $
 #Z DPOUSBTU GPS"&) BOE SBD& NVUBOUT
XFSF SPVOEFS PWFSBMM BOE EJE OPU TIPX UIF DIBSBDUFSJTUJD $UY
EJGGFSFOUJBM .PTU OPUBCMZ MBSHF TFDUJPOT PG UIF DPSUFY JO CPUI
NVUBOUT XFSF EFWPJE PG UIF DPSUJDBM BDUJO MBZFS XIJMF SFNBJOJOH
TFHNFOUT PG UIF DPSUFY TUJMM DPOUBJOFE QSPNJOFOU 'BDUJO BTTFN
CMJFT 2VBOUJGJDBUJPO PG QIBMMPJEJO GMVPSFTDFODF JOUFOTJUJFT BDSPTT
UIF DPSUFY JO BDUJOEFGJDJFOU BSFBT DPOGJSNFE UIJT WJFX 	'JH %

BOE XBT GVSUIFS TVCTUBOUJBUFE CZ UJNFMBQTF JNBHJOH PG 85 BOE
NVUBOU DFMMT FYQSFTTJOH UIF 'BDUJO QSPCF -JN&˂DPJM('1 	4*
"QQFOEJY .PWJF 4
 8F IZQPUIFTJ[FE UIBU UIF UIJO MBZFS UIBU JT
NJTTJOH JO UIF NVUBOUT DPSSFTQPOET UIF DPOUSBDUJMF BDUJO DPSUFY
XIFSFBT UIF SFNBJOJOH BOE QSPNJOFOU 'BDUJO BTTFNCMJFT SFQ
SFTFOU "SQ DPNQMFYESJWFO 'BDUJO TUSVDUVSFT TVDI BT MFBEJOH
FEHFT PS FOEPDZUJD DVQT 5IVT XF MBCFMMFE 85 BOE NVUBOU DFMMT
XJUI QIBMMPJEJO BOE GPS UIF 'BDUJO CJOEJOH QSPUFJO DPSPOJO XIJDI
JT B DFOUSBM DPOTUJUVFOU PG "SQ DPNQMFYNFEJBUFE 'BDUJO OFU
XPSLT 	
 $POTJTUFOU XJUI UIF LFZ GVODUJPO PG "SQ DPNQMFY
JO QSPUSVTJPO DPSPOJO XBT TUSPOHMZ FOSJDIFE JO UIF MFBEJOH FEHFT
PG 85 DFMMT 	'JH &
 /PUBCMZ DPSPOJO XBT EFQMFUFE GSPN BDUJO
EFGJDJFOU SFHJPOT CVU DPMPDBMJ[JOH XJUI UIF QSPNJOFOU 'BDUJO
BTTFNCMJFT JO GPS"&) BOE SBD& NVUBOUT TUSPOHMZ TVHHFTUJOH
UIBU UIFTF TUSVDUVSFT BSF OVDMFBUFE CZ "SQ DPNQMFY 'JOBMMZ
XF FYQMPSFE UIF VMUSBTUSVDUVSBM DPSUFY BSDIJUFDUVSF CZ TDBOOJOH
FMFDUSPO NJDSPTDPQZ 	4&.
 BGUFS EFUFSHFOU FYUSBDUJPO PG DFMMT "T
PQQPTFE UP UIF EFOTF DPSUJDBM NFTIXPSL PG85 DFMMT XJUI OVNFS
PVT PWFSMBQQJOH GJMBNFOUT FMJNJOBUJPO PG UIF UISFF GPSNJOT PS PG
3BD& DBVTFE NBSLFE EJGGFSFODFT JO DPSUJDBM BDUJO PSHBOJ[BUJPO
JODMVEJOH B MPXFS GJMBNFOU EFOTJUZ JOUFSTQBDFE XJUI MBSHF HBQT
DPOUBJOJOH NVDI GFXFS GJMBNFOUT XJUI EJGGFSFOU HFPNFUSZ 	'JH
'

$PSUJDBM GPSNJOT BSF FTTFOUJBM GPS NPUJMJUZ JO %
DPOGJOFNFOU -PTT PG 'PS" XBT QSFWJPVTMZ TIPXO UP BGGFDU
DFMM NJHSBUJPO JO VODPOGJOFE BOE %DPOGJOFE TDFOBSJPT 	

5IVT XF BOBMZ[FE SBOEPN DFMM NJHSBUJPO PG GSFFMZ NPWJOH BOE
%DPOGJOFE GPS"&) BOE SBD& NVUBOUT JO QIPTQIBUF CVGGFS
	1#
 FNQMPZJOH QIBTFDPOUSBTU UJNFMBQTF NJDSPTDPQZ BOE
DPNQBSFE NJHSBUJPO SBUFT PG UIF NVUBOUT UP UIBU PG 85 DFMMT
"EEJUJPOBMMZ XF BMTP EFUFSNJOFE NFBO TRVBSF EJTQMBDFNFOU
	.4%
 UP EJTDSJNJOBUF MPDBMMZ SFTUSJDUFE NPWFNFOU PS XJHHMJOH PG
DFMMT GSPN FGGFDUJWF EJSFDUJPOBM DFMM NJHSBUJPO 	
 *OUSJHVJOHMZ
FMJNJOBUJPO PG 'PS" 'PS& BOE 'PS) PS PG 3BD& FWFO JODSFBTFE
UIF TQFFE PG SBOEPNMZ NJHSBUJOH NVUBOU DFMMT JO VODPOGJOFE
FOWJSPONFOUT UP  s  wNyNJO 	GPS"&)
 PS  s 
wNyNJO 	SBD&
 	NFBOsTE
 BT DPNQBSFE UP 85 DPOUSPMT
XJUI  s  wNyNJO 	'JH  " BOE #
 )PXFWFS XIFO
DPNQSFTTFE VOEFS B TIFFU PG BHBS GPS"&) BOE SBD& NVUBOUT
XFSF BCSPHBUFE GPS NJHSBUJPO 	 s  wNyNJO BOE  s
 wNyNJO
 BT BTTFTTFE CZ USBDLJOH PG UIF DFOUSPJET XIFO
DPNQBSFE UP 85 	 s  wNyNJO
 	'JH  $ BOE %

$POTJTUFOU XJUI UIFJS IJHIFS NPUJMJUZ JO VODPOGJOFE TFUUJOHT B
MBSHF QSPQPSUJPO PG CPUI NVUBOUT DFMMT XFSF NPSF EJSFDUJPOBM
BOE IBE IJHIFS .4% WBMVFT BT DPNQBSFE UP DPOUSPM 	'JH  &

*O NBSLFE DPOUSBTU UIF .4% WBMVFT PG CPUI NVUBOUT WJSUVBMMZ
ESPQQFE UP [FSP JO %DPOGJOFNFOU JMMVTUSBUJOH UIFJS JOBCJMJUZ
UP NJHSBUF VOEFS BHBS XIFSFBT 85 DFMMT XFSF TUJMM BCMF UP
FGGJDJFOUMZ NJHSBUF VOEFS UIFTF DPOEJUJPOT 	'JH '
 5IFTF
GJOEJOHT TVCTUBOUJBUF UIF GVOEBNFOUBM SPMF PG UIF DPOUSBDUJMF
BDUJO DPSUFY GPS DFMM NJHSBUJPO JO DPOGJOFNFOU
.VUBOUT MBDLJOH DPSUJDBM GPSNJOT PS 3BD& GPSN NVMUJQMF
GSPOUT "NPFCPJE DFMMT TVDI BT %JDUZPTUFMJVN DFMMT HFOFSBMMZ FY
IJCJU POMZ XFBL BEIFTJPO UP UIF TVCTUSBUF UP BMMPX GPS GBTU NJ
HSBUJPO JO VODPOGJOFE TFUUJOHT *O %JDUZPTUFMJVN DFMMT JNQBJSFE JO
UIF DPSUJDBM BDUJO DZUPTLFMFUPO DFMM CFIBWJPS PS FTUBCMJTINFOU BOE
NBJOUFOBODF PG DFMM TIBQF BSF FYQFDUFE UP CF TUSPOHFS BGGFDUFE CZ
NFNCSBOF UFOTJPO 5P UFTU UIJT IZQPUIFTJT XF JNBHFE GSFFMZ NPW
JOH GPS"&) BOE SBD& NVUBOUT BU IJHI NBHOJGJDBUJPO CZ UJNF
MBQTF QIBTF DPOUSBTU NJDSPTDPQZ BOE DPNQBSFE UIFJS BDUJWJUJFT UP
UIPTF PG 85 DFMMT 85 DFMMT XFSF NPSF TQIFSJDBM BOE UZQJDBMMZ
GPSNFE POF PS UXP QSPUSVEJOH GSPOUT JO UIF GPSN PG QTFVEPQPET
PS NBDSPQJOPTPNFT BU B HJWFO UJNF #Z DPOUSBTU GPS"&) BOE
SBD& NVUBOUT XFSF DPOTJEFSBCMZ GMBUUFS BT FWJEFODFE CZ TUSPOHMZ
SFEVDFE IBMPT JO QIBTFDPOUSBTU JNBHFT BU UIFJS DFMM CPVOEBSJFT
/PUBCMZ BCPVU  PG GPS"&) DFMMT BOE  PG SBD& DFMMT JO
UFSNJUUFOUMZ FYIJCJUFE B GBOTIBQFE LFSBUPDZUFMJLF NPSQIPMPHZ
BOE NJHSBUFE XJUI IJHI EJSFDUJPOBM QFSTJTUFODF XIJDI XBT DPO
USBTUFE CZ POMZ  PG IJHIMZ EJSFDUJPOBM 85 DFMMT 	4* "QQFOEJY
.PWJF 4
 3FNBSLBCMZ CPUI NVUBOUT PGUFO EFWFMPQFE NVMUJQMF
GSPOUT FYIJCJUJOH  PS  MBNFMMJQPEJBMJLF QTFVEPQPET 	'JH  "
BOE # BOE 	4* "QQFOEJY .PWJF 4
 5IF FMJNJOBUJPO PG GPSNJOT
BOE PG 3BD& BMTP TVCTUBOUJBMMZ JODSFBTFE UIF DPNCJOFE QSPUSVTJPO
BSFB SFMBUJWF UP UPUBM DFMM BSFB JO UIF NVUBOUT CZ NPSF UIBO 
UP  s  	GPS"&)
 BOE  s  	SBD&
 BT DPNQBSFE
UP 85 DPOUSPM 	 s  'JH $
 .PSFPWFS UIF QSPUSVTJPO
TQFFE PG UIF GSPOUT JO UIF NVUBOUT XBT BCPVU EPVCMFE UP  s
 wNyTFD 	GPS"&)
 BOE  s  wNyTFD 	SBD&
 XIFO
DPNQBSFE UP 85 DPOUSPM 	 s  wNyTFD
 	'JH %
 *OUFS
FTUJOHMZ JOIJCJUJPO PG NZPTJO ** CZ CMFCCJTUBUJO IBE MJUUMF FGGFDU PO
UIF NPUJMJUZ PG 'PS"&) BOE SBD& NVUBOU DFMMT 	4* "QQFOEJY
'JH 4
 FYDMVEJOH BVHNFOUFE BDUPNZPTJO DPOUSBDUJMJUZ BT EJSFDU
DBVTF GPS UIFTF FGGFDUT "MUIPVHI3*$.BOBMZTFT SFWFBMFE B MBSHFS
DPOUBDU BSFB PG NVUBOU DFMMT 	4* "QQFOEJY 'JH 4 " BOE #

UIFZ GPSNFE GFXFS BDUJO GPDJ BOE UIFTF BEIFTJPO QPJOUT XFSF
TJHOJGJDBOUMZ TIPSUFS MJWFE UIBO UIPTF JO DPOUSPMT 	4* "QQFOEJY
'JH 4 $&
 *O MJOF XJUI UIFTF PCTFSWBUJPOT UIF DPOUBDU BSFB
PG NVMUJQMF GSPOU PS LFSBUPDZUFTIBQFE DFMMT XBT JOIPNPHFOFPVT
BOE JOUFSTQFSTFE XJUI MFTT BEIFTJWF TFDUJPOT BT FWJEFODFE CZ
3*$. 	4* "QQFOEJY.PWJFT 4 BOE 4
 5IVT UIF DPNCJOBUJPO
PG JODSFBTFE QSPUSVTJWF BDUJWJUZ BOE EFDSFBTFE BEIFTJWFOFTT JO UIF
NVUBOUT NBZ FYQMBJO UIF IJHIMZ EJSFDUJPOBM QFSTJTUFODF JO NPUJMJUZ
BTTBZT 'JOBMMZ XF OPUJDFE UIBU UIF HSPXUI PG JOJUJBMMZ GPSNFE
GSPOUT JO UIF NVUBOUT UZQJDBMMZ DFBTFE XIFO NVMUJQMF DPNQFUJOH
QSPUSVTJPOT XFSF GPSNFE PO UIF PQQPTJUF TJEF PG UIF DFMM *O UIFTF
DBTFT JOJUJBM GSPOUT SBQJEMZ MPTU BEIFTJPO UP UIF VOEFSMZJOH TVSGBDF
BOE XFSF FGGFDUJWFMZ SFUSBDUFE JOUP UIF DFMM CPEZ 	4* "QQFOEJY
'JH 4 BOE .PWJFT 4  BOE 4

1PMBSJUZ EFGFDUT BOE ESBNBUJDBMMZ JODSFBTFE DPSUJDBM BDUJO
GMPX JO GPS"&) BOE SBD& NVUBOUT "O JOUBDU DPOUSBDUJMF
BDUJO DPSUFY PG BNPFCPJE DFMMT SFHVMBUFT DFMM NJHSBUJPO JO %
DPOGJOFNFOU CZ HVJEJOH IZESPTUBUJD QSFTTVSF DSFBUFE CZ BDUP
NZPTJO DPOUSBDUJPO JO UIF SFBS UP UIF GSPOU UP QSPNPUF MFBEJOH
FEHF QSPUSVTJPO 	
 5IVT XF NPOJUPSFE NZPTJO ** BOE 'BDUJO
SFQSFTFOUJOH UIF UXPNBJO DPNQPOFOUT PG UIF DPOUSBDUJMF NBDIJO
FSZ JO85BOENVUBOU DFMMT BGUFSNFDIBOJDBM TUSFTT JO DPOGJOFNFOU
VOEFS BHBS 85 DFMMT FYQSFTTJOH GMVPSFTDFOUMZUBHHFE IFBWZ DIBJO
PG NZPTJO ** XFSF IJHIMZ QPMBSJ[FE BOE UIF NPUPS QSPUFJO XBT
DPOUJOVPVTMZ DPODFOUSBUFE JO B DPNQBDU DSFTDFOUMJLF TIFFU BU
UIF SFBS DPSUFY CFOFBUI UIF QMBTNB NFNCSBOF 	'JH " BOE
	4* "QQFOEJY .PWJF 4
 *O TUSJLJOH DPOUSBTU GPS"&) BOE
SBD& NVUBOUT SFNBJOFE IJHIMZ VOQPMBSJ[FE JO %DPOGJOFNFOU
BT FWJEFODFE CZ UIF BCFSSBOU DJSDVMBS MPDBMJ[BUJPO PG NZPTJO ** JO
B CBOEMJLF GBTIJPO BMPOH NPTU PG UIF DFMM QFSJQIFSZ BMCFJU UIJT
QIFOPUZQF XBT TMJHIUMZ MFTT QSPNJOFOU JO SBD& DFMMT 	'JH "

.PSFPWFS NZPTJO ** EJE OPU BDDVNVMBUF JO B DSJTQ CBOE BT JO
85 DFMMT CVU XBT EJTQFSTFE JOUP NVMUJQMF TUSJOHMJLF BTTFNCMJFT
JO UIF NVUBOUT .ZPTJO ** XBT BMTP MBSHFMZ EJTMPEHFE GSPN UIF
NFNCSBOF BOE XBT JOTUFBE TUSPOHMZ FOSJDIFE BU BO FOEPQMBTN
FDUPQMBTN JOUFSGBDF TFQBSBUJOH UIF PSHBOFMMF GSFF BSFB GSPN UIF
DFMM JOUFSJPS 	'JH "
 $POTJTUFOUMZ UJNFMBQTF JNBHJOH PG UIF
NVUBOU DFMMT SFWFBMFE B IJHIMZ FSSBUJD CFIBWJPS PG NZPTJO ** BT
TPDJBUFE XJUI JOUFOTF CMFCCJOH TVCTUBOUJBUJOH UIF NBTTJWF EFGFDUT
JO UIF DPOUSBDUJMF DFMM DPSUFY PG NVUBOU DFMMT 	4* "QQFOEJY .PWJF
4
 2VBOUJGJDBUJPO PG NZPTJO ** CBOE XJEUI BT XFMM BT JUT SBEJBM
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 EJTUSJCVUJPO JO85 BOENVUBOU DFMMT JO QPMBSJUZ QMPUT DPSSPCPSBUFE
UIJT WJFX 	'JH #

8F UIFO BOBMZ[FE UIF EZOBNJD CFIBWJPS PG DPSUJDBM BDUJO GJMB
NFOUT BU UIF WFOUSBM QMBTNBNFNCSBOF CZ UPUBM JOUFSOBM SFGMFDUJPO
GMVPSFTDFODF 	5*3'
 NJDSPTDPQZ JO 85 BOE NVUBOU DFMMT BGUFS
DPOGJOFNFOU VOEFS BHBS *O 85 DFMMT DPSUJDBM BDUJO WJTVBMJ[FE
CZ UIF 'BDUJO NBSLFS -JN&˂DPJM('1 XBT PSHBOJ[FE JOUP B
EFMJDBUF GJMBNFOUPVT XFC JOUFSTQBDFE XJUI EZOBNJD BDUJO GPDJ
XIJDI BDDVNVMBUFE NPTU TUSPOHMZ JO QSPUSVEJOH GSPOUT FWJEFOUMZ
ESJWFO CZ "SQ DPNQMFYNFEJBUFE BDUJO BTTFNCMZ 	'JH $ BOE
	4* "QQFOEJY .PWJF 4

 " GJMBNFOUPVT OFUXPSL XBT BMTP
PCTFSWFE JO UIF GPS"&) BOE SBD& NVUBOUT )PXFWFS QSFTVN
BCMZ EVF UP UIF IJHI NFNCSBOF UFOTJPO BOE UIFJS TUSPOH QPMBS
J[BUJPO EFGFDU JO %DPOGJOFNFOU UIFZ EJE OPU GPSN QSPUSVEJOH
GSPOUT .PSFPWFS BT BTTFTTFE GSPN 5*3' UJNFMBQTF JNBHJOH UIF
EZOBNJDT PG DPSUJDBM BDUJO GJMBNFOUT XBT ESBTUJDBMMZ DIBOHFE BT
DPNQBSFE UP DPOUSPM 5IFTF GJMBNFOUT XFSF SBQJEMZ QVMMFE JOUP
UIF DFMM DFOUFS JO B QSPDFTT SFNJOJTDFOU PG BDUJO SFUSPHSBEF GMPX
JO IJHIFS FVLBSZPUFT 1BSUJDMF JNBHF WFMPDJNFUSZ 	1*7
CBTFE
RVBOUJGJDBUJPO PG DPSUJDBM BDUJO GMPX DPOGJSNFE UIJT OPUJPO 	'JH
%
 5IF WFMPDJUZ EJTUSJCVUJPO TIPXFE GMPXT PG VQ UP  wNyNJO
JO SBD& DFMMT BOE BMNPTU VQ UP  wNyNJO JO UIF GPS"&)
NVUBOU BT DPNQBSFE UP UIF BWFSBHF GMPX XJUI s wNyNJO
	NFBOsTE
 JO 85 DFMMT 	'JH &
 $POTJTUFOUMZ 1*7 BOBMZTFT
GVSUIFS SFWFBMFE UIBU UIF SFHJPO XJUI GBTUFTU BDUJO GJMBNFOU GMPXT
PWFSMBQ XJUI NZPTJO **FOSJDIFE SFHJPOT JO GPS"&) BOE SBD&
NVUBOUT 	'JH  " BOE & BOE 	4* "QQFOEJY 'JH 4
 5PHFUIFS
UIFTF EBUB TUSPOHMZ TVHHFTU UIBU GJMBNFOUT OVDMFBUFE CZ DPSUJDBM
GPSNJOT SFHVMBUF TVCDFMMVMBS NZPTJO ** MPDBMJ[BUJPO BOE DPSUJDBM
BDUJO GMPX VOEFS NFDIBOJDBM TUSFTT
$FMM MJOFT MBDLJOH NVSJOF N%JB BOE  EJTQMBZ QIFOPUZQFT
JOEJDBUJWF PG DPOTFSWFE DPSUJDBM GVODUJPOT 5P FYQMPSF XIFUIFS
PVS PCTFSWBUJPOT BSF HFOFSBMJ[BCMF UP IJHIFS FVLBSZPUFT XF
BOBMZ[FE NBNNBMJBO GPSNJOT JO IJHIMZ NPUJMF #' NPVTF
NFMBOPNB DFMMT 4JODF N%JB TVCGBNJMZ GPSNJOT 	  BOE 

BSF SFHVMBUFE CZ 3IP" 	
 XIJDI JT XFMM FTUBCMJTIFE UP ESJWF
DPOUSBDUJMJUZ XF GPDVTFE PO TVCDFMMVMBS MPDBMJ[BUJPO PG &('1
UBHHFE N%JB WBSJBOUT BGUFS FDUPQJD FYQSFTTJPO JO #' DFMMT
$POTJTUFOU XJUI PVS QSFWJPVT GJOEJOHT 	
 XF GPVOE DPOTUJUV
UJWFMZ BDUJWF N%JB WBSJBOUT JF N%JBႤ%"% BT XFMM BT UIF
OFXMZ EFTJHOFE QPJOU NVUBOU N%JB'-Y"MB 	." BOE
'"
 XIJDI JT FYQFDUFE UP SFMFBTF BVUPJOIJCJUJPO PG UIF '-
QSPUFJO 	
 UP MPDBMJ[F QSPNJOFOUMZ JO UIF DFMM SFBS XIFSFBT
UIF GVMM MFOHUI BVUPJOIJCJUFE QSPUFJO SFNBJOFE DZUPTPMJD 	'JH
"
 7JSUVBMMZ JEFOUJDBM SFTVMUT XFSF PCUBJOFE XJUI DPSSFTQPOEJOH
N%JB WBSJBOUT 	'JH "
 XIFSFBT BDUJWF N%JB XBT OPU GPVOE
JO UIF DFMM SFBS CVU NPTUMZ UBSHFUFE UP GJMPQPEJB UJQT 	
 5P
FWBMVBUF N%JB GVODUJPOT JO UIF NBNNBMJBO DFMM DPSUFY XF FN
QMPZFE $3*413$BTNFEJBUFE EJTSVQUJPO PG UIF HFOFT FODPEJOH
N%JB BOE  CPUI JOEJWJEVBMMZ BOE JO DPNCJOBUJPO JO #'
DFMMT -PTT PG SFTQFDUJWF QSPUFJO JO JOEFQFOEFOU DMPOBM DFMM MJOFT
XBT DPOGJSNFE CZ JNNVOPCMPUUJOH 	'JH #
 *OUFSFTUJOHMZ N%JB
MFWFMT XFSF FWJEFOUMZ JODSFBTFE JO CPUI N%JB,0 DFMM MJOFT BOE
WJDF WFSTB JOEJDBUJWF PG DPNQFOTBUPSZ SFHVMBUPSZ NFDIBOJTNT
QSFTVNBCMZ TFSWJOH UP TVTUBJO TVGGJDJFOU MFWFMT PG UIFTF DPSUJDBM
GPSNJOT 	'JH #
 1IBMMPJEJO TUBJOJOHT SFWFBMFE EFGFDUT JO DFMM
QPMBSJ[BUJPO BT XFMM BT NBSLFEMZ JODSFBTFE GSFRVFODJFT JO N%JB
BOE  TJOHMFNVUBOUT PG DFMMT GPSNJOHNVMUJQMF GSPOUT B QIFOPUZQF
UIBU XBT FWFO GVSUIFS JODSFBTFE JO N%JB EPVCMF,0 DFMMT
	'JH  $ BOE %
 BOE TUSJLJOHMZ SFNJOJTDFOU PG DPSUJDBM GPSNJO
QBUIXBZ ,0T JO %JDUZPTUFMJVN /FYU XF BOBMZ[FE SBOEPN DFMM
NJHSBUJPO PG #' XJMEUZQF BOE NVUBOU DFMMT PO MBNJOJO VTJOH
UJNFMBQTF QIBTFDPOUSBTU NJDSPTDPQZ *OUFSFTUJOHMZ BT PQQPTFE
UP %JDUZPTUFMJVN DFMMT NJHSBUJOH XJUIPVU %DPOGJOFNFOU DFMM
EFQPMBSJ[BUJPO BOE BQQBSFOU TUJNVMBUJPO PG UIF NVMUJQMF GSPOU
QIFOPUZQF SFEVDFE UIF FGGJDJFODZ PG UIF IJHIMZ BEIFTJWF NPEF PG
NFMBOPNB DFMM NJHSBUJPO MJLFMZ DBVTFE CZ JOFGGJDJFOU QSPUSVTJPO
JO B QSPEVDUJWF NJHSBUPSZ EJSFDUJPO 4QFDJGJDBMMZ XIFSFBT TJOHMF
N%JB BOE  NVUBOUT EJTQMBZFE B NPEFSBUF CVU TUBUJTUJDBMMZ
TJHOJGJDBOU SFEVDUJPO PGNJHSBUJPO SBUF JO UIJT BTTBZ 	CZ 
 SF
NPWBM PG CPUIN%JB BOE  EFDSFBTFENJHSBUJPO FWFO GVSUIFS 	CZ
 'JH  &
 5PHFUIFS UIFTF EBUB TUSPOHMZ TVHHFTU UIF 3IP"
FGGFDUPST PG UIF N%JB GPSNJO TVCGBNJMZ JO QBSUJDVMBS N%JB BOE
 UP FYFSU GVODUJPOT JO UIF BDUJO DPSUFY UIBU BSF DPOTFSWFE JO
FWPMVUJPO GSPN %JDUZPTUFMJVN UP NBNNBMT
$ISCUSSION
0WFS UIJSUZ ZFBST BHP #SBZ BOE 8IJUF QPTUVMBUFE UIBU DPSUJDBM
DPOUSBDUJMJUZ NBZ OPU POMZ DPOUSJCVUF UP SFUSBDUJPO PG UIF USBJM
JOH FEHF CVU BMTP UP JOHSFTTJPO PG UIF DMFBWBHF GVSSPX EVSJOH
DZUPLJOFTJT 	
 4JODF UIFO MPDBMJ[BUJPO BOE QBSUJDJQBUJPO JO
CPUI QSPDFTTFT IBT CFFO EFNPOTUSBUFE GPS OVNFSPVT DFMM DPSUFY
DPNQPOFOUT JODMVEJOH NZPTJO ** 	
 $UY 	
 15&/ 	
 BOE
*2("1 GBNJMZ NFNCFST 	
 )FSF XF EFNPOTUSBUFE UIBU UISFF
%3'T 'PS" 'PS& BOE 'PS) BDU TZOFSHJTUJDBMMZ JO UIF BTTFNCMZ
PG BDUJO GJMBNFOUT JO UIF DPOUSBDUJMF BDUJO DPSUFY BT FWJEFODFE CZ
UIF JODSFBTJOH TFWFSJUZ PG BEEJUJWF ,0 QIFOPUZQFT XIJDI EJSFDUMZ
DPSSFMBUFE XJUI B HSBEVBM EFDSFBTF JO NFDIBOJDBM DPSUFY SJHJEJUZ
8F BMTP TIPXFE UIBU UIF BDUJWF GPSN PG UIF 3IP GBNJMZ (51BTF
3BD& CJOET UP UIF (#% PG 'PS" SFMFBTJOH JUT BVUPJOIJCJUJPO
UP JOJUJBUF BDUJO BTTFNCMZ 3BD& TIPXT DPOTJEFSBCMF TFRVFODF
TJNJMBSJUZ XJUI 3IP QSPUFJOT GSPN PUIFS TQFDJFT BOE SFQSFTFOUT
UIF DMPTFTU IPNPMPHVF PG NBNNBMJBO 3IP" JO %JDUZPTUFMJVN 	

 5IF QIFOPUZQF PG SBD& DFMMT XBT TJNJMBS UP UIBU PG UIF
USJQMF LOPDLPVU %3' DFMMT JODMVEJOH MBSHF DZUPLJOFTJT EFGFDUT JO
TVTQFOTJPO 	
 BT XFMM BT MBSHF FGGFDUT PO EFWFMPQNFOU 	
 5IJT
SFJOGPSDFT UIF JEFB UIBU UIF %3'T BSF SFRVJSFE GPS GJMBNFOU GPS
NBUJPO BOE UIJT JT SFHVMBUFE CZ 3BD& .PSFPWFS 3BD& MPDBMJ[FT
UP UIF DFMM SFBS BT XFMM BT DMFBWBHF GVSSPX JO NJUPUJD DFMMT BOE JT
FTTFOUJBM GPS DPSUJDBM MPDBMJ[BUJPO PG 'PS" BOE 'PS&
4JNJMBS UP UIF SFEVOEBODZ JO DPSUJDBM BDUJO PSHBOJ[BUJPO FYIJC
JUFE CZ %3'T JO %JDUZPTUFMJVN XF BMTP GPVOE TUSPOHFS DPNQMF
NFOUBSZ QIFOPUZQFT BGUFS DPNCJOFE JOBDUJWBUJPO PG UIF GPSNJOT
N%JB BOE  JO #' NPVTF NFMBOPNB DFMMT 5IJT SFEVOEBODZ
PG UIF NJDSPGJMBNFOU TZTUFN JT B DPNNPO QIFOPNFOPO GPS FTTFO
UJBM DFMMVMBS BDUJWJUJFT BOE IBT CFFO PCTFSWFE QSFWJPVTMZ GPS UIF
BDUJODSPTTMJOLJOH QSPUFJOT ˞BDUJOJO BOE GJMBNJO 	
 BOE GPS $UY
* BOE ** 	
 JO %JDUZPTUFMJVN 8IJMF 'PS" 'PS& BOE 'PS) BDU
TZOFSHJTUJDBMMZ JO BDUJO GJMBNFOU BTTFNCMZ JO UIF DPOUSBDUJMF BDUJO
DPSUFY JU JT MJLFMZ UIBU UIFZ BMTP IBWF JTPGPSN TQFDJGJD SPMFT BOE DBO
CF BDUJWBUFE CZ PUIFS TJHOBMJOH QBUIXBZT 'PS FYBNQMF XF GPVOE
UIBU DPOTUJUVUJWFMZ BDUJWF 'PS) MPDBMJ[FE UP UIF DPSUFY JO VODPO
GJOFE SBD& DFMMT CVU SFNBJOFE MBSHFMZ DZUPTPMJD BGUFS DPNQSFTTJPO
JO %DPOGJOFNFOU TVHHFTUJOH NVMUJQMF JOUFSBDUPST NFEJBUF JUT
TVCDFMMVMBS UBSHFUJOH 0G UIFTF 3BD& JT QSFTVNBCMZ JNQPSUBOU
GPS 'PS) UBSHFUJOH VOEFS NFDIBOJDBM TUSFTT *ODJEFOUBMMZ 'PS)
XBT SFDFOUMZ BMTP GPVOE BT QPUFOUJBM 3BD& JOUFSBDUPS CZ NBTT
TQFDUSPNFUSZ 	
 *O BEEJUJPO BDUJWF 'PS) BOE 'PS& BMTP USJHHFS
GJMPQPEJB GPSNBUJPO CVU BT CPUI DPSUFY BOE GJMPQPEJB DPOTUJUVUF
'BDUJO TUSVDUVSFT EJSFDUMZ BTTPDJBUFE XJUI UIF QMBTNB NFNCSBOF
UIFTF BDUJO BTTFNCMZ GBDUPST NBZ XFMM QBSUJDJQBUF JO UIF GPSNB
UJPO PG WBSJPVT NFNCSBOFBTTPDJBUFE TUSVDUVSFT FOUBJMJOH MPOH
VOCSBODIFE GJMBNFOUT
5IF TUSPOH FGGFDUT PO DZUPLJOFTJT BOE DPSUFYEFQFOEFOU GVOD
UJPOT JO GPS"&) BSF TJNJMBS UP UIPTF GPVOE JO SBD& DFMMT 5IJT
JOEJDBUFT UIF QIFOPUZQJD FGGFDU PG SBD& HFOF FMJNJOBUJPO UP EFSJWF
GSPN UIF MBDL PG GPS"&) BDUJWBUJPO $POTJTUFOU XJUI UIJT OPOF
PG XJME UZQF GPSNJOT 	'PS" 'PS& PS 'PS)
 MPDBMJ[FE UP UIF DPSUFY
BT UIFZ BSF MJLFMZ BVUPJOIJCJUFE 	4* "QQFOEJY 'JH 4
 BOE
	
 8F BMTP GPVOE UIBU BDUJWF 3BD& BDDVNVMBUFT JO UIF DMFBWBHF
GVSSPX PG NJUPUJD DFMMT VQPO %DPOGJOFNFOU JNQMZJOH UIBU JU
QMBZT B SPMF JO SFHVMBUJOH DZUPLJOFTJT CZ SFDSVJUNFOU BOE BDUJWBUJPO
PG DPSUJDBM GPSNJOT BU UIJT TJUF
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 #PUI GPS"&) BOE SBD& NVUBOUT EJTQMBZFE GMBU NPSQIPMP
HJFT BOE GPSNBUJPO PG NVMUJQMF EZOBNJD NVMUJEJSFDUJPOBM QSP
USVTJPOT BMPOH UIF DFMM DPOUPVS *O BHSFFNFOU XJUI SFDFOU XPSL
BOBMZ[JOH FOIBODFE FYQBOTJPO PG MBNFMMJQPEJBM OFUXPSLT VQPO
SFEVDUJPO PG QMBTNB NFNCSBOF MPBE 	
 BOE DPOTJEFSJOH UIF
PSFUJDBM DBMDVMBUJPOT PG DPSUFY NFDIBOJDT 	
 UIFTF EBUB JNQMZ
UIBU DFMMT IBSCPSJOH B DPNQSPNJTFE WJTDPFMBTUJD DFMM DPSUFY NBZ
FYQFSJFODF SFEVDFE SFTJTUBODF UP BDUJO QPMZNFSJ[BUJPO GPSDFT JO
QSPUSVTJPOT *G DPSSFDU UIJT DPVME XFMM DBVTF UIF GPSNBUJPO PG BN
QMJGJFE QSPUSVTJPOT BOE NVMUJQMF GSPOUT PCTFSWFE JO PVS NVUBOUT
.VMUJQMF QSPUSVTJPO GPSNBUJPO JO %JDUZPTUFMJVN XBT BDDPNQBOJFE
CZ BEIFTJPO XFBLFOJOH BOE JSSFHVMBS EFUBDINFOU $POTFRVFOUMZ
NPTU VODPOGJOFE GPS"&) BOE SBD& DFMMT JO TPNF JOTUBODFT
SFTFNCMJOH GBOTIBQFE LFSBUPDZUFT NJHSBUFE GBTUFS BOE NPSF
EJSFDUJPOBM UIBO UIFJS XJMEUZQF DPOUSPMT 5IFTF QIFOPUZQFT BQ
QFBSFE BU UIF FYQFOTF PG UIF NPSF BNPFCPJE UZQF PG NJHSBUJPO
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